The ideal therapy and neurocritical care for patients with aneurysmal subarachnoid hemorrhage (SAH) follows from an early and accurate diagnosis. However, approximately 30% of patients with SAH are misdiagnosed at their initial visit to a physician. This article explores the reasons for this alarming error rate: failure to understand the full spectrum of presentation of SAH and failure to know the limitations of the major diagnostic tests (computed tomography of the brain and lumbar puncture [LP]). I suggest a strategy for selecting which patients with headache require evaluation beyond history and physical examination and how that evaluation should proceed. Other diagnostic issues are also discussed, such as use of magnetic resonance scanning and angiography for diagnosis, distinguishing the traumatic LP from true SAH, the concept of warning bleeds, and the LP-first diagnostic strategy.
Introduction
When treating patients with aneurysmal subarachnoid hemorrhage (SAH), the best outcomes are predicated on the early, correct diagnosis of patients in good clinical condition. Incorrect or delayed diagnosis often results in early complications such as rebleeding, at which point even the most expert critical care is associated with worse outcomes. On the other hand, critical care physicians sometimes care for patients admitted to the intensive care unit with an incorrect diagnosis of SAH, perhaps resulting from a traumatic tap. For both reasons, critical care physicians are well-served to understand the principles of the diagnosis of SAH, which is the purpose of this article.
Scope of Problem
The problem for the physician on the front line is different. Headaches are nearly ubiquitous. This chief complaint accounts for 1 to 2% of all emergency department visits (1-3). Because most of these patients have primary headache disorders, such as migraine or tension as well as other self-limited processes, extensive, urgent evaluation for SAH is inappropriate for the entire group. On the other hand, a small percentage has far more serious pathology (Table 1; refs. 3, 4) , where failure to or delay in diagnosis can lead to significant morbidity and mortality (5). Included in the latter category are patients with SAH. SAH is most commonly caused by trauma; of nontraumatic cases, 80% result from ruptured intracranial aneurysms (1). Although the presence of SAH in traumatic brain injury likely has prognostic significance (6), this article refers exclusively to aneurysmal SAH.
The incidence of SAH is 6 to 10 per 100,000 of the population; each year, there are about 30,000 such patients in the United States (7, 8) . Although the incidence of ischemic stroke has decreased over the last 15 years, SAH has remained constant (9). Just under 1% of all patients presenting to an emergency department with headache suffer from SAH (3, 10, 11) . Furthermore, three studies have now shown that of neurologically normal patients with very severe and acute-onset headaches, roughly 12% have . Early and accurate diagnosis of these patients is critical. Therefore, front-line physicians must distinguish those patients with headache caused by SAH (or other serious causes) from the much larger group of patients whose headaches are benign and self-limited.
Despite the widespread availability of neuro-imaging equipment, misdiagnosis remains surprisingly common, occurring in 25 to 50% of patients with SAH on their first physician consultation (1). Misdiagnosis has been documented in many different settings over the past two decades (15) (16) (17) (18) (19) , and the list of incorrect diagnoses (Table 2) 
remains remarkably consistent (20).
Which patients should be evaluated beyond history and physical exam, and which should be treated symptomatically and then followed-up as an outpatient? In the general population, migraine headache is approximately 1000 times more common than SAH (21). Even in an acuity-skewed emergency department population, patients with migraine are still roughly 50 times more common than those with ruptured cerebral aneurysm. Because missed SAH is a common cause of poor outcomes that result in litigation (22), all physicians must develop a strategy to avoid missing this diagnosis.
Evaluating every patient with headache for SAH would completely eliminate misdiagnosis, but this would occur at the cost of spending tremendous amounts of time, personnel, and financial resources for cranial computed tomography (CT) and lumbar puncture (LP); this would result in the morbidity from LP in many more patients than would otherwise undergo that procedure. Additionally, a one-size-fits-all approach is rarely consistent with good medical practice. Consulting a specialist for all or most of these patients would also cause many of the same resource utilization problems and would create a logistical bottleneck, taxing already strained emergency services. Neither of these strategies is recommended.
The other approach is selective evaluation of those patients who might truly benefit from an evaluation beyond history and physical examination. Although this strategy has not been validated, I believe that it is possible to correctly identify the vast majority of patients presenting with headache who require further evaluation. Fortunately, this only requires a very careful, focused history and physical examination.
In SAH, similarly to most conditions, there is a bell-shaped curve of presentations. In the middle are classic cases-patients presenting with abrupt onset of very severe (often "worst-oflife"), unique, and distinctive headaches that typically begin during exertion and are associated with neck pain, vomiting, and transient loss of consciousness. Physical examination may disclose meningismus, ocular hemorrhages, or any focal or generalized neurological findings. On the right portion of the bell curve are very ill patients who present with localizing neurological signs or severe alterations of mental status. In both groups, the decision to pursue further diagnostic testing is straightforward.
The problem arises in those mildly affected patients, who account for nearly half of the total and present on the left side of the curve. These awake, alert, and neurologically normal patients are simultaneously the most likely to be misdiagnosed and the most likely to benefit from early identification and definitive treatment (1).
There are three generic causes for misdiagnosis: failure to appreciate the spectrum of clinical presentation, failure to understand the limitations of CT, and failure to perform and correctly interpret the results of LP (see Table 3 ; refs. 1 and 20) . Improvements in identifying those patients who should be evaluated for SAH and how that work-up should proceed would likely reduce the frequency of misdiagnosis.
Who Should Be Evaluated?
With the understanding that all patients with a classic history or with an abnormal neurological examination undergo 
